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JHTRODUCT IOR

A fieid investigation was conducted at the siie of a proposed
sewage lagoon for a hag processing plant ncar Neepaws, Manitoba.

The investigation was requivec to:

i Evaluate the soit stratigraphy at the site,
2) Fstapnlish foundation design criteria,

3) Evaluate saveral lining desians,

A) Provide data for seepage analysis,

5) Fstablish dyke cross sections.

Tn addition, recommencations for dyke construction procedures a

provided.



2.0

FIELD INVESTIGATION

The field investigation consisted of & subsurface drilling
program, piezometer instailation, and falling head permeability
tests. The field program was cavried out ivom February 25-27,
1986. Subsurface drilling was performed with a iruck mounied
auger rig using 12.7 cm sclid stem and 20 cm hollow stem augers,
ns required  General site supervision and borehoie logging were
provided by Mr. R. schmidtls, £.1.7T. o UMA Enaineering 124, The
Tocations oF the 22 test hwles are shown on Diawing 01, The holcy
vrre visually Jogged o identif™ soil typs: and reprosentative
samples ~ore obtaisad for furiher laber tiory ansiysis. Stradard
pencication tects were co.ducted at regular dptervals ©o astabliob
ive relative density 7 the cohesionless <. ils, Uncisturbed

RS

shelby fvhe samples were vecovored from the fine grained solis.
Troagtablish water leve s at the site, stasapipe pisvoieiers waye
tnstaller on Test '«w.es 7, & 25d 9, at uspths of V.39, 7.00 uand
7.16 vatres resorctively he piereusters ware construcaod of BC
nwe ddameter o nedule A7 PYC tubing witn the bottom © % m sectin
slTotted =»d wrapped with f117¢v clath. 7he elevaijon of each
piezo:cer was siveyed acourding 1o ¢ bench wark elevaiion of

64 5 m estal:ished ai the interzzeiion of Siation A0l and grid

tine No. 540,

Fa'"1ing head permeabiliy itests were conducied to deiarming the
‘nsitu paanabilitics at the thwee piez~weter locacions., The data
was & ~ yzed usi g the Hvr «<lev meih d, The «..culated
perineabilities are shown on the faest hole Togs.



3.0

LABORATORY TESTING

Laboratory testing for dyke design and froundation snalysis
included gradaticn analysis, constant head perm=zzabilities, and
minimum and maximum density determination. The results of the
laboratory testing are presentea on the berehole Togs in Appendix

A or separately in Appendix B.

Laboratory testing for the clay Viner investigation is discussed

and incTuded 1in Aopendix C.



SITE AND SUBSURFACE CONDITIONS

Site Descriplion

The proposed sewage lagoon site is shown on Drawing 0I. & 3 metre
deep borrow pit is Tocated between ihe existing plant site and the
proposed lagoon arez. The Yagoon site is a flat piain flanked on
the east and west boundaries by topographical depressions. The
grosnd surfacs stopes down to the werth, at 5 grade n@

spproximately 1%.

Subsurface Conditions

S0il Stratigraphy

Vhe Tollowing major siratigraphic units were encousrnered duriuag

the Fieid investigation:
Topsaid

2) Brawn Sand

3) Grey Sand

These uviis are discussed sevarately hatow.

hickroys

[
o

The black tapsoil is =severally iy and ~ganic. .

of the “opsoil Taver is 0.3 wuires.,

A sine to medium, brows sand witi: subang: T ar particiaes under®ios
the tonscil. The sand is medium dense with an a.erage siendard
penetration count of 15 blows per 0.3 m, Gradation anaiysis shaws
ihat the sand has a Tines content (passing #200 sieve} of
approxinately 5 to 10%. The sand is moist at the surface and
generaily becomes wet at a depth of 3.0 to 4 1 metres below
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existing ground surface. The brown sand extends on average to a

depth of 6 metres helow the ground surface.

Two laboratory constant head permeability fests established an
average permeability of 5 x 10-3 cm/sec for the brown sand. The
brown sand has & winimum and maximum dry density (ASTM [} 2049) of
13.44 KN/m3 @nd 17.04 Kil/m3, vespectively.

Undertying the biown sand is a wet Tine grey silty sand. The fine
sand grades to a sandy silt with increasing depth. An average
standard penecration bilow couni of 25 blcws per 0.3 wmetres

indicates that ithe sand is medium denso

Falling head tests completed in standpipes installied in test holes
/, 8 and 2 indicate an average permeability of 1.5 x 10-% cm/sec
for the grev sand. A constant head test in the Taboratory
nroduced # similar permeability value of 3.4 x 10-% cm/sec.

Grouncwater Conditions

Groundwzier levels wvere recordad in the piezometers instailed in
Test Huoles 7, 6 and 9. The groundwater elevations are shown on
the borehnle logs in Appendix A, Based on these three water level
readings the water table slapes to the north with a horizontal
gracdient of 0.001  During the winter ¥ield pvegram, the depth to
the water table varied from 3 to 4 metres., The position of the
water table will vary seasonally and annually and it is
recommanded that water levels be monitored to establish this
range. Levels in the piezometers should be vead twice monthly
through April, May and June to establish the minimum depth to

water table during the spring recharge period.

Seepage Analysis

Using the standard D’Arcy’s Law analtysis, the total seepage from



the lagoon system was calculated using the following paramaters:

L = permeability of the clay liner = 1 x 10-9 m/sac
ah = depth of retained water plus Tiner inickness = 6 metres

1 = ihiclkness of clay Tiner = 1 metre
& = area of lagoor = 28,523 scuare meires

Theratore Q = 1.71 % 10°% m3/sec or 1.2 3 1676 UK gal/year

To detevimine if ine seepage would occur as unsaturaied ov
saturated ficw below the liney, the following equation was used:

Ks > Dww + 1 - hd  for unsaturated flow (4.2)
KL I
Where ¥s = hydrautic conductivity of the suhsnil = 5 x 1470 m/sec

I

KL nydraulic conductivity of the 1iner = 1 x 10-9 m/ser
Dvny = depth of wastewaler in pond = 5 metres
| = Tiner thickness = I metre

nd

il

aiv entry prassure ait caturation = -0.5

Using equation 4 2 4t is obvious that unsaturatoc flow wil: occur.

The time required for the seepaye front to veach the saturated
zone afizer pond TiiTing was calculated using the following

equation:

i = Sr_{Dw - hf} (4.3)
V

Where: t = time after firsi filling
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Duw = depth of groundwater table below the botiom of the

poid Tiner {mj = 1 metre

hf = the height of the saturated portion of <he capillary
fringe above the groundwaier table = 0.5

Sr = spzcific retention of the soil = 0.15

V = seepage rate through liner = ¢ x 10-9 w/zec

Using enuation 4.3, the tima for the seepage front to reach the
groundwater Table is approximataly half a vear. Since the
groundwater tevels arz expeclted to flucinate seasanaily, the
calculzied time nyobably over-estimatas the actual time of iirst

arvival,
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FOUNDATION DESIGN RECGMMENDATIONS

It is understood that a pumphouse will be Tocated between the
existing plani site and the sewaga lagoon. Footings founded on
undisturbed sand 2t a minimum depth of 2 metres below grade may be
designed with an allowahle net bearing capacity of 190 kPa (4000

pst). A mirnimum footing width of 0.6 metves is recommended.

The brown sand contains occasional siTty lenses that are

considerad to be Trost susceptible. I1f the pumphouse is not
heated, insulated footings will be reguired to retard the

advancement of tha frost fvront below the footing.

The major design consideration for deep foundabions is ihe
location of the water table. Tnstallations vounded at a depth of

greater than 3 metres wiil requive shoring of the cohesionless
sands. Ceretul construction control wilt have to be exercised to
prevent piping at the boiiteom of the excavation. Dewatering should

also be considered as an alternative construction method.



PROPOSED LAGOGOH CROSS SECTION

The depth of the lagoons is restricted by the depth to the water
tahle. The waler tahle is preseniiy 3.0 to 3,5 metres below the
ground surface and the level cuuld rise an additicnal 1.0 metre
during seasonal fluctuations. Therefure, the holtom of Lhe
lanoons should he Founded at a depth that will allow lagoon
sucavation tluping a nevlod of High water Tevel,

The pond dykes should be well consiructed to aveid sefllement,
slumping, 200 erosior  Two intoidior dylo siopes were used for the
lagoons . The smz1' lagoons have intediur dyke slopes of JH:1V,
Slopez of this yrade wer: considerad to be acceptable Tor the

following vrasons:

1) The water leval wesld only experience minor fluriuations
(<0 & w) during cperation

2} The dykes 21911 be « wipbsed a7 well comnancled gramg.ar
mater‘ul,

3) ne dykes 41l be wall protecicd againsi erosion «iih
granulse yiprap

The Tzrge Tagone will exp= lence ve'wiively Targe fluctialions in
waiae level '3 2 metyre  and sion'vlcant waves can be expected Lo
develop doo to the  —ge surface area, [or Lhese reasons. (e
interier &lopes of the Y=1: lagoon wre at a qcade of A1V,

A1 interior slopes should be protected from erosion with a
minimum of 30 cm of granular viprap. The riprap should extend
from 0.6 melves below the minimum water level to 1 metre above Lhe
max imum water level. [t is recommended that the viprap be
underlain by & gentextile filter clnil to preveni the underlying
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impeirvious Tiner from being washed oni throuch the coarse riprap.
Tha riprap should be composed of curable vrock typicaily 75 mm to

150 mm in size.

The exterior slopes should be 4R:1V to allow for mainienance and
covered with 10-20 cwm of seecded topsoil. The dyke crest should be
about 3 metres wide to altow vehicle access arng topped with 10-15
cm o7 compacted gravel as a trafticable surface. The dyke crest

Eadt

should have a stight camber fec promote runoff.

The dykes should be constructed using the following construction

guidelines:

1) Foundation preparation should consist of siripping topsoit

and any soft compressibie or otherwise unsuitable materials

from the dyke area.

23 The ayke Ti11 should corsist of the brown surficial sand and
should ne free of organics. organic soil, debris, nobbles
over 15 cm diameier, snow, ice, or sefi compressible

materials.

3) The granuiar dyke fi17 snould be compacted to 95% of
Standard Proctor dry density using a vibratovy smoath dium
roiler

4 Compactien control should be provided on a veqular hasis

diring T117 placement.

[t is recommended that a drain be installed near the exterior toe
of the sand embankment. The purpese of the drain is twofold:



1) Te reduce the porewater pressures in the downstream portion
of the dam and hence to increase the stability of the

downstream slope against sliding.

2) To control any seepage water as it exiis al the exterior
sTope in such a way that water does not carry away particles

of the embankment soil.

[} 'ad

The drain should he consiructed to meet The Vilter requivemenis o

Ea
!

the emhankment material,
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LIMING DESIGNS

The sewage Tagoon is founded in permeable sands and thus will
vequire a low permeability Tiner to contrel seepage. Three types

of liners were considered for this study:

1} Soil hentonite admixture
2) High density polyethylene geomembrane
3) Compacted ciay liner

Soil Bentonite Admix Liner

Powderad or granular bentonite can be mixed with the brown sand to
form a low permeabiiity tiner. The successtul pevformance of a
pentonite admix Tiner is nighly dependent on the dagree of quality
centrol provided during construction. A vepresentative sample of
the brown sand was send to the Americer Colloid Company to
determine the recommended benteonite application vate. The
anaiysis indicated that SG-40 grade bentonite should be applied at
a minimum vate of 30 kg ner square metre as a 15 cin thick mixed
hlanket. The bentoniie sand Tayer should be compacted at optimum
moisture to 2 minimum of 90% of Standavd Proctor dry density to
attain a permeability of 1 x 1¢-8 cw/sec. To compensate for
machanical dimperfections in placement of material and minor
variations in the soil characterisiics, a recommended application
rate ot 38.2 kg/m2 should be employed. American Colioid Company
recommends that Saline Seal 100 bentonite be used for this

project.

In general, bentonite admix Tiners are more susceptible than
compacted clay to erosion and mechanical damage aad thus should be
protected by a scil cover. A minimum depth oF wastewater should
be waintained in the pond at al? times to prevent drying of the
pentonite on the pond bottom and to proiect againsi frost heave.
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7.3

Geomenibrane Linor

A geomemhrane liner wmust have a very low permeahitity to witer
transmission and must be strong enough to resist damage during
installation and the sevrvice Tife of the Tiner. For the sewage
Tagoon an 80 mil High Density Polyethylene liner would be
required. High density poiyethylene is tough and resistani to
damage. 1t has good resistance to ulira violet radization and is
resistant to a wide variety of chemicals, Seaming is done ny neat
welding, winich requires gooa contral of femperature, and wmoisture
concitions. Hiagh density polyethyvlene is vary thermo. plastic and
considerable shrinkage and sweiiing can occur from day to night.
T seaming is cevricd out in warm weather, then suitficient siack
must he jeft in the shasis o avoid nigh strasses in tne Tiner
seam. On the other hand, too iwch slack may result in problems
In sowe cases seaming at night may

with wrinkies during seaming

be yrerquired.

The instaiiation of a liner vequires a nigh degree of consiruction
conivoi to ensure adequate performance. Due to the thinness of
tie Tiner, it is suscepiible to tearing caused by venicle trafiic,
machanical fagoon cleuning, and ice ferces. I a geomembiane

-

liney is used, the interior side slopes should be flatienad to 3.5

H:1Y to preveni slipgpage of the Tiner and tc minimize ice forces.

It a clay kovrow source is available a compacted clay Tiner
should be considered for this projeci  The clay content of the
liner material should be 25% ov greater. Labcratory hydraulic
conductivity tests on the proposed clay wi'l be required to assess
the suitability of the soil as a liner material. It is
recommended that the Tiner design be based on a lab permeability
that is one crder of magnitude higher than the average ltaboratcry

permeabiiity value. If the permeability of the in-place Tiner
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must be 1 % 1079 m/s, the 1ab permeability should be no greater
than 1 x 20710 m/s5.

The subgrade surface Selow the compacted clay Tiner should be
nd proof volled to orovide a good base tor

o

relatively level
compacting the vivst Tiner 1ift. The clay should be compacted in
15 om maxinmum loose thickness to a minimum of 95% of Standard
Proctov diry densitiy to a minimum thickness of 1 metre. The water
corient shoula be hetween 2% and 5% weil of autimum moisture
content,  fach 1ift <hiould be compacted viithin the specitied water
content vange tn iiie requived density using sheepsfoot compactiaon.
Insity density and moisture content tests shuuld be carried out an
a voutine hasis for =ach 1iFt. The compacted Tiner should bhe
smoothed out with = smooth voller compactor to resduce the liner
surtace area axposed o water absevption and swelling. Ideally
e Tiner should be {looded as soon as possible after construciion

and acceptance.

thep the poad ds emniied the Tinzr shoula net ke al’owed to
dessicafe. Also Topg rooted grasses andg weed growth may create
ront actes in tha lTiner and also cruse drying of the soil.
Burrowing animals can create sesuage patns through dykes and

should he controlios,

Siizsequent o the siie subsurfacs investication, a horrow stury
was conpleted to identify peisntial clay sources for lininag the

.

ponds.  That wovic is deseribed in Aspendix C =7 this vepori.

Discussion on Liner Options

At present tne preferved Tiner system is compacted clay. The
thickness of a compacted clay liner (1 metre} makes it less preone
to rupture from ice forces or mechanical cleaning. Alsa, no
specialized construction techniques are required for the



installation of a clay liner. Provided that a suitable clay
source can be found, we recoumend that & compacted clay liner of
one metre thickness be used for a Tow permeahility barvier.

Respectfully submitted,
UMA ENGINEERING LTD.

"'-::."‘-" i
SGM—E\J‘:‘“'“"‘_"‘;"A‘ ;//*JWM
f. J. Witiebolle, M.5c., P.Eng.
Geptechnical Projecis Coovdinator

T. Wingrove, P.Eng.
ilirector
Earth Sclences Division Earili S¢iences Dhivision
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1478 Bufieto Pincs, Winnipag, tanfoba, Cenada R3T1LT | No
DRILLING DATE  FEBRUARY 25, 1986 3
B DRILLED BY PADDOCK DRILLING LTD.
ey AN gt . | =
b 8|4 surrace eLevaTion _64.40m 5 [2E] &g é
2 | =z |ax g;g MISC.TESTS { &
MOISTURE CONTERY ot < | & CO-ORDINATES Wi |qS8 3 £
- | o SEE SITE TLAN N | = R -
LIOUID LIMIT ~ ol =1 oy oW | Z Bl mEMAR -
PLASTIC LIMIT N S0IL DESCRIPTION T EE Sl R
) o ) nw|looinag? ?_':
_l ?}3 TOP S0IL
e : - ~ silry
; i — e - black !
T X ~ organic
o — i ,l
|.-- SAND 14 | 18
i - clean
w7 s - fine — medium
1 ~ light broun ‘
T N - medium dense j
- A T | . [
i R - uniform i -
- sub-angular
] O I - finer at 2.4 m
g e 340
Al — - L g n
n L - - wei at 3.9 mw 2A 13
e )__df_—_m_w} - trace Organics
1 S I I - 3.9 - 4.8 m ! !
IR T I A S ~ brown at 4.0 m i
T i |
{0 0 O . I | 21 |
. . I
: ~ medium dense 3A 12
L _L_{f -t 5 l ;
A_‘_j___ﬁ,_w
P l _ f !
SEREEEE
L B A
__":_ﬁ._r. Ve - very fine ac 6.4 m
S N - prey
(14 ~ get
- mediuw dense
7y - minor silt
- - 2 mm thick lamillae 4 12
..j-.
- A - trace clay at 8,0 m ] _
- £nd hoele at 8.01 m.
— ]
_ 1 , 9J
L L




LWAA Engineering Lid.

Ergvesers L o

—

1479 Buticts Plase, Winalgeg, Elomiote, Carcol EIT ILT

CLIENT

PROJECT NEEPAWA MOG PROCESSING FACILITY

MANTTOBA WATER SERVICES EOARD

TEST

JOB

No

0326-049-01-07

—

BORING

No

DRILLING DATE

FRBRUARY 25, 1986

4

DRILLED BY

PADDOCK DRILLING LTD.

p—

—-I-—i..--l—-l—'"—"- el -]

MOIETURE CONTEMT——— O
LIOUID LIMIT— (]
PLASTIC LIMIT £

DEFTH imelrez)

wl

| suRFACE ELevaTion BA.BS mo

CO-ORDINATES

e

SEE S5ITE PLAM
500 NESCRIPTION

SAMPLE HOD.
& TYPE

COMPRESSIVE

STRENET}! (KPu)

STANMDARD

PEMETRATION

IELE=9/03m)

MISC TESTS
E
REMARES

DEPTH [me!res)

L

Tt

T

———

T0P_5011,
- giley
h.l.Fl i le

- noganie

2R soiL eroF

elean

fine — mediom
Tight bhrown

= dry

- lopae

— unifora

pub - angular

- trace Fe oxidation
line ar 2.4 m
e dark brown
—wet AL 3.3 m

=~ med lum densk ull
y dm

padum dens

] fine nt 5.5 m
[.:' = Ev2Y¥
wet
med Lum
; - Einm
i frea B

]

dunge
medium =a0d
F=FThm

1

med luim dense

1A

Zh 1

ha

12

20

1

" End hole at 8.01 m.




FROJECT NEEPAWA HOG PROCESSINC FAQTLITY FEET
‘ CLIENT  MANITORA WATER SERVICES BOARD i
m LiviA Enginearing Lid.| ol No. 0376-049-01-07 BORING
i Besier= et By S |—— -
1470 Duffalo Macs, VAnnipeg, Manishe, Coaads RIT 1LY z B
) DRILLING DATE VEBRUARY 26, 1986 | g
PRILLED BY PADDOCE DRILLING LTD. NP
=i & %
b —tpmr—t——t————— & | B synrace ELEVATION __66.06 m g IEE. &3 _-=;
@ E ‘ 2 gz o MISC. TERTS v
MOISTURE CONTENT olzle ':C'E‘F?I?"E';{:J;i;m Hulws s e £ =
LIQUID LT =Tl E 3 - SL|S Y [ZwEl REMARKS | &
PLASTIC LIMIT ._ﬁ w!o SOIL DESCRIPTION 218G G wt
S0 Rl I — TOP SO1L
& Lol — =l - silty
|_ o -;l—é— et = h}_ﬂl‘fk
0 I ' - organic
- ) 25 -
—{ T o R 2 ]
i _ A 5 - plean
5 e Bl = == I X ~ fine = mediunm LA 26 | Erost dinm
=3 = - light browm fample
. - L 3 P - medivm dense -
- —! 5 = uniform
- - - pub-angular
B - peeasional pebbles
g : and stones Lrom
el s ENF T --l | _ 2.: =37 m § =
I_-.- e - rrade Fe oxidation ZA 24
|1 e i
o |
L | 1w _.{;1 - —wet ot 3.7 m
1 W Ty J
L | {5
— '\—.'—"!f o - P—
j . 5 2 3 3 21
I 58 i How EE 5 i
= — =T :
: o] _i al " — fine = very fine at
[ o s —'—l—" ﬁ - 5‘-_3 i
= = gl o . — frey
[~ ! -~ Wet
~ medium dense
. - uniform
1 T 7|
mp 1 ) . N 4E -
1 . Fnd hole at 7.62 m.
! ——d
|
i
i . ]
| i
1 i L




UnA Engineering Lid | jpg Mo

PROJECT NEEPAWA HOG PROCESSING FACILITY

— TES T

CLIENT _ MANITOBA WATOR SERVICES BOARD

0326-049-01-07

—

AT mumilo PMoos, Winnineg, Matliabs, Cesens WIT LT

DRILLING DATE
DRILLED BY

FEERIARY 26, 1986 )
PADDOCK DRILLING LTD=

Mo

e

BORING

B

i

PR G —
B S

MOISTURE CONTENT— 0

LD LIMIT

PLAGTIC [T

0
faY

DEPTH Imezi~es)

S0 PROFIL

SURFACE ELEVATION B3.B3 m

CO-ORDIMATES
SRE SITE FuAN

e

nGIL DESCAIPTION

SAMPLE  ND
E TYrPE

COMPREESIVE

STREMGTH )

SBLOTE /DI m)

PENETRATION

ETANDARD

MISC.TESTH
L
REMARKS

IUEPTﬂlmﬁ-nl

hes

|

L

-

f

G

LA™

TOP_S0I,

it
i

- giley
. larnk
organic

= ]l pad

= Fipm - mediom
fight brawm

= I!.r}ll

e gedlum Jenss

= guir-angulsr

- propplonal ctonss
At 1.7 =

- wat ac 3.0 m
- krace orpanics From

1.0 to .. =

- e o 4.9 m
- grey
R
dense
= mame mlle From
h & = (T =

L

A

3k

14

i2

b I

End hnI; at 7.62 m




, PROJECT WNEEPAWA HOG PROCESSING FACILITY TEST
CLIENT  MANITOBA WATER SERVICES BOARD S
Jeeey “agineering Lt | , BORING
WE UMA Engineering 11d. | J0B No_0326-045-01-07
1479 Buwiizlo Flaca, Winninoey, Manitoba, Cenada R3T 1LY —_ ne
DRILLING DATE FEBRUARY 26, 1986 7
{ORILLED BY PADDOCK DRILLING LTD.
5 . 1 N I ’: Il - w E - E
et ; = | M{ syrFACE fLEvaTion 04,50 m c |>%:i 5% =
£z ==z |[Z=|aga| MiscoTESTS| %
URE - E [ S| co-oroinaTES wwl i |a2e E
MOISTURE CONTENT O | = |%| “SEE SITE PLAN LRl l8es € <
LIQUID LIMIT — 0 = Srig W ZTwEl REMARKS
PLASTIC LIMIT Lluwlo SOIL. DESCRIPTION 1,195 Es L
! | %é. TOP SOIL
T - L - silty
___i .. - 7 ~ black
T ] ) - organic
I e .
B ~ clean
T - - medium
AN Bl R - light bhrown
T i 9 - dry B
| B ] ! - medium dense
‘_f ' - sub-gngular
__ - | ﬁ
- - T v *
i - 3 ‘ - wet at 3.0 m —
L __Im ]
. - .
NN i L —
[ | R . - fine ac 4.3 m
T | - grey Py
T T T - medjum dense e
. 0 T . - wet g :
c = ~ minor silt o N
i — ——l‘f - _. 'C}
I 0 g 5 5
= i T o] . .’
17 1T T =5 v i
b -
T 0 il -
T = < |
. *_"_l | _*649 m
| ] |
. 7 . | -
! - trace clay at 7.6 m
L 17.39|m
i , . [ A N S, S
- End hele at 7.62 m. Piczometer 1
le=f - | [ ] ]
1
—|"1 ]
Wi : .
T ]




B _ o PROJECT NEEPAWA HOG PROCESSING FACILITY | .
CLIENT MANITOBA WATER SERVICES BOARD
Wisad UMA Engineering LIc | 0B No  0326-049-01-07 BRING
e Trprneers b Mans No
1470 Bultrio Mace, Winnipeg, bisnioba, Canadn T 1L7 _
DRILLING DﬂE FERRUARY 26, 1987 __ ) i
DRILLED By PADDOCK DRILLING LTD. S
- ey 'E :
| - g | FA : we o <
T P : | SuRFace ELEVATION G4.48m _ {o E;— 225 wsc vests | £
= g c g g E
moistune CoNTEnT——O | =1 & | “GENIIEER wwlie |24 & -
Liowio LT ———0) M i sk % ul (% B AEMARKS -
PLASTIC me—.— £y wle EDIL DESGRIPTION o8 e EE% d
—— ’— 5] Top sori. '
T BT - sae
N ' . . ~ hlack
- | [ ] i ~ prpande
THC #1 ' 7] sam
A | - eleasn
ERE _.__! - - medium !
) L }___F, - - light hroum [
e N S S I f N - 2 B - dry l
— - S Xy} - medium dense
A ) Y '__. n: — sub-angular
T
OO 4 0 2
i - 3
5 1
| = - > _!‘.I'.,]
! = — wut at 4.6 m
]
i _ »
i I -~ 3 ~
._._:_ !_ . = 5 1 : qLJ
- r L— g - ; E
Ko - [
£ =
‘"r 4 ™
px -} X S 6 ~ fine ar G. 1 m L :\;
™ .'-.I' - HYEY "
- — wedium densp
=1 . v
—ﬂ L — ol - Wet l
__Ir.0m
- — 7 g
! - trace clay at 7 9 m !___}'.‘-1
B T S d =t — ceeee— — : E
O j S End hole at 7.9 m. Flezometer
+
.-._lr_.
T T
B 1109




- |PROJECT wEEPAWA HOS PROCESSING PACILITY .
(CLIENT  MANLTODA WATER SEAVICES BOARD B
Ui UiiA Engineering Lid. | JoR Ho__0326-049-01-07 BORING
= Ergpireror & ey e — — —_
VATD Dultels Fiass *finnieg. Mankoba, Caneds RIT 1LP _ . — o
) DRILLING DATE FEBRUARY 26, 1986 B
DRILI.ED BY  PADDOCK DRILLING LTD.
e B o e s ey | E- 4 R AT 65.38 m ; o= = ;L:
E E SURFACE ELEVATION _B2ean ™ g ﬁt Egg MISC. TESTS E
MOISTURE CONTENT o= E ‘:ﬂsﬂ"“;i‘;ygm W w b 5l ] 2
LIOUID LIMIT olEl AEF(sD =W nesares [ %
PLASTIC LIMIT —A4 =10 S0IL DESCRISTION 2,185 nus i
i | m TOP_SOIL
o N —1— wh = ellty
= (| =1 . : -~ black
= = e - organic '
we] sawm -
EE i [ 1] _"f.& - clenn I
| = medium
= ; L light hrowm
o = . o - dry J
=T T e - medlom denge
" 1T TT B 32 - munp-angular
I }
- - i |
- (v
NN BREEE Y Y ”
L =1 | - organiec lenillae 1B f
- ~1 3 2 mm thick Erom n
- |— -I' y e T o | I.‘!- :I-.j ) I'|‘|H m 'D‘
0 A e e 5% Y b ~ fing at 4.9 m - =
= [ 1 | - prey w +
=i = - dedivm drvae o ‘
i A T minor =7it -
|
g 5 = % i
&4 i_ r—._. 6 e
r -'1“ 1) i —fy o 26 |m
F—I___ 1 :|-—‘ |
j& L1 ) |
- trace clay at 7.6 m Piezometer 3
— A Fnd hele at 7.62 m,
8
[
il = 9




s : =]
EDJ[‘.CT HEEPAWA __HEG PR_EIIEESSIHG FACILITY i % TEST
' CLIENT MANITOBA WATER SERVICES BOARD -
B UMA Ergineeri : T0326-049-01- == BORING
'_Lm ginoering Lid.| JOB No 0326-049-01-07
1470 Bulito Mace, Winnipss, [Aaniobs, Cansds N1 LT | - — e
DRILLING DATE _FEBRUAKY 26, 1986 - 10
f“" ORILLED By PADNGCK DRILLIAG LTD.
T A U SR ARy (A F pr o - 64.99 m T &~ =~ ?
g % ‘E‘: SURFACE ELEVATION 0493 W g :3:-‘_.'{ E':E: MISC.TESTS | =
- : a5 CO-0NPINATES 5 ladg 13
MDLSTURE CONTEI s &l “erE SITE PLAM URle 2 |aEs 8 x
LIOUID LIMIT — = - Brjsm [ZUE  memancs |
PLASTIC LIMIT i 8 S01L DESCAIPTINN = .55 5k w
%ﬁ TOP SOIL
j ..-;'I = "ilt_‘,‘?
w . — blnek
T "'"“J - arganic
| = = SAND
_-,r_. = L — clean
N - fine - medivm 18
! = — light hrowvm
o - dry
= - medium dense
= = i - nub-angulat
= ol — uniform
I . - fine at 2.0 m
~ 3 2T
1 J T - wer at 3.4 m
"_—‘F—' - minor organics from
1 3.4 - 4h m
ENUNEA®
—_— S — p— ]E S —
Il 0 0 End hole at 4.57 m.
Ll 5
i
o 1L 4




B PROJECT KEEPAWA HOG PROCESSING FACTLITY | .
' CLIENT MAN ITOBA WATEER, SERVICES BOARD
m UMA Enpinsaring Lid.| JoB No  0326-049-01-07 BORING
Teesosnarm b e — ”U
TATD Buthiio Floce, Winnkssg, K-nliols, Gonsts RI7 107 — —
DRILLING DATE___F‘EHRIIMH 26, 1986 .
DRILLED BY PADDOCE DRILLING LTD. -
= (1] i W? o E
bttt et 8 | | sURFACE ELEVATION _63.80m |z |22 oF =
R 'E = e ek I T 31:" MISC TESTS E
: i o =
MOISTURE CONTENT o | =| €| CO-ORDINATES wwlw s |28 E s
= | £| SEE SITE PLAW Jafw=lafs
LIGUID LIMIT =i B Si|zw|Ewa| REMARKS |
PLASTIC LIMIT R S0IL DESCRIPTION a 188 |hba L
TOP_SOLL
- - B - silty
] ~ black
Al 1 . 3 - orgnnig
- i 4 e A
| i Sy SAND : i
L g ¢lean
"j ~ medium
Lt B - liph. browm = | '
- Y 5 B .
L) l-. il = uipdium devdn -
% sub=angular !
i g s — unifoum
i | .
| il il a2 = k] _
..il I ' 2K
- T ] ’:'r-' - wel at 3.7 w
[ - = finm -
S e-.-‘ 4 |- ) i
Il ; trace orzinic from :
T ..- 3!? - 'r||-5 m
'y e .
Bi= fei= End hale ar .57 = i
| .
- ; 5! .
1 i
| heak e ; ;:- | |
| ! L 6
_____i A i .
L= _: I |
T - .
. i
| a
1
! 1




PROJECT WEEPAWA HOG PROCESSING FACILITY J TEST
j CLIENT  MANITOBA WATER SERVICES BOARD
= . . |
LgA Enginesring LId [ J0B_No__0326-049-01-07 BORING
grsrn L Frenoes [—-
No
1479 Buitslo Plece, ¥innipsq, Manitoda, Cenzda R3IT1L7
DRILLING DATE _ FEBRUARY 26, 1985 ) 12
DRILLED BY  PADDOCK DRILLING LTD.
it 5| 9| surrace ELevat 63.20 m ; ;’é; Zo B
— - i _é &J SURFACE ELEVATION 03,20 W e ﬁ;; EE—; M1SC TESTS E"
. | @f CO-ORDINATES wig| w6l "IE L. =
MOISTURE\!CONI’ENT O TlE SFE STITE PLAN 8|2 gffg g =
LIOUID LIMIT Ol e S|z ¥ (EWE| REMARKS .
PLASTIC LIMIT—————0 | w | 5 SOIL DESCRIPTION R R [ i
J D8] op sorw
CiL - silty
- — l—“ ‘_‘-'?_-'_.- ~ blaclk
A ”r‘| ~ ovganic
BT S i sam -
] ~ ¢lean
B 5 4‘ — fine ~ medium i
NG _4____,.]9 x ~ Jight brown 1E
EnREEPY - dry : ; B
:' T B '_{H— 1| ~ medium dense [
LI BEER - sub-angulat : i
| I T 1] | -‘i':: - uniform ' E
BENN *’“‘ oy |
L4 _ = 11 —wet at 3.0 m i -
MEE ] il P B
- S SN ""‘
) T b
} - Wi - fine ax 3.7 m
"“‘l I B . Bt - grey —
H il ' 45 %T - gome silt
| . ﬂ_ 1 [ e
_‘ : ‘_ S D - I S| . -~ —— SR (R S, R —— P S
j_ _I u__.r._.- fnd hole at 4.57 m.
g il R , 5
- (- A
b ) L
A ‘
T 6
— —_— i 0
N mEN |
hrleh= 1 J> . |
N 7
12 8
M
. - PE— "i H
L “I ___L H
o SN




PROJECT NEEPAWA HOG PROCESSING FACILITV |
; CLIENT  MANITOBA WATER SERVICES BOARD
URe UMA Engineering Lid. | 0B No  0326-049-01-07 | BomNG
o VTR Buffalo Maca, VWinaipeg. Maniobs, Caanda AT 1L7 |__ e e
= DRILLING DATE  FEARUARY 26, 1986 13
DRILLED BY PADDOCK DRILLING LTD. w
= T =
et — S - [ &
& Er SURFACE ELEVATION _65.37 m ] Eg EE: MISC TESTS E
y E | ©| co-ORDINATES wow | W fe s £ o
R e o o iy | | X BES SOIE, LN SEIEZBE] newnns |2
LIGUID LIMIT = E o - E - gm aze REMARK 1
PLASTIC LIMIT 818 SOIL DESCAIPTION M B L i
+ t (f‘{?‘) TOF BOIL
= il Tae - silLy
- . r irloack
- — - mrganio
| ]_-_ 1 ' =
T I
= = x, ~ fLean LE
. - medium
= : ~ 1ldight Lrown
— — 2 - medfun dense =
= | - ' - guh=-angular
- - nuiform
) - - gome organics and
| M Fe oridation £rom h .
| = — 3 ’
| | - ; 2.6 -3.0m
] f !
i ) _. ’ ][] " . = wel at 4.3 7 i
1 | .
Y = k| 4
L] S5 = - — . A =5
Fr' ¥ r lI—"JLL] hD]E nt ‘l-ll-c 5? s
L i | 1 15 =
I 1
(0l i - 6
! " ll i
: |
f o=
L 4} — 7
- il
— = s
i 9
11 |




TG

UMA Enginsering Lid
L il L]

1478 Bultio Finea,

Winniosn, Mandoba, Cenpds 3T LT

PROJECT NWEEFPAWA HOG PROCESSING FACILITY

CLIENT _ MANITOBA WATER SERVICES BOARD

JOB No  0D326-048-01-07

No

DRILLING DATE FEBRUARY 26, 1986

ORILLED BY PADDOCE DRILIING LTD.

TEST
BORING

14

vass|

A

d I

SURFACE ELEVATIOM

IVE

65.70 m

=

LIDUID LIMIT —
PLASTIC LIT

MOISTURE CONTEZ

O

[
&

DEPTH imetren)

CO-ORDINATES
SILE SITE PLAN

SAMPLE NO.
E TVPE
STRENGT [XPa)
PEMETRATION
POL0 =% /008 m ]

COMFRES
STAHDARD

S0IL DESCRIPTION

MILE. TESTS

E
REMARIS

DEPTH {meires)

LRSI so PROFILE

g l—

T

1

=4 S

TOP_SOIL

End boles at 4.57 m

- gsilty
biack
organie

claan

Fine - mwedium
Vight brown

] d-[-:.r

medlym denso
- sub-angular
unllorm

iE

wat at 3.0 m

- dark brown at 3.7 m 21

- pomié organics

JE




|[PROJEC | _NEEPAWA HOG PROCESSING FACILITY
—| TEST
l:,|,||-.NT MANTTOBA WATER SERVICES BOARD -
T ) UMA Engincering Ld [ 0B No. _0326-049-01- -07 BORING
Crmrrmars b v — ”u
1479 Bullsla Mlacs, Winnipeg, Minnbae, Canads RIT 1LY — - :
) |ORILLING DATE  FEBRUARY 26, 1986 ] 23
DRILLED BY FADDOCE DRILLING LID. =
— ?‘ :
e — Wl e . : ; |Ex]| == -
R R % =, SURFACE ELEVATION _65.95 m \E ﬁ'-‘ f:i?: wiEc . TEETE E
£ | O} co-ORNINATES g - E B
MOISTURL CONTENT—-=—=0 | 71 & | “epp S1TE PLAR EE w2 ;EE =
LIOUID LIsIT (W I Srjzw Ego REMARNKS E
PLASTIC LIMIT— Fa wlo SOIL NESCRIPTIOH o EE B A a
J i | moe som.
= e [ i e - silty
1 : - blach
=3 . - - - oryupic
o [ N = 1 bk =
— - | sam
I = o € - clean
Ayl - med o
:;“ 1 = . > - Lipht brown
N _I [ 9 -'-_-‘ - IIL}’ I 1E
' i iR L mediuvm donse
! | . . - sub-angular
| 11 N N e - occarional pekhles
- [ | = gt L.D> m
= 3 ‘:. wet at 3 O m
= 7€ |
Al iy AT____.,._. fs minar orpanics ac -
' gt | — - G0
| - —l— - s = dm'l‘ browm .
I 1 ] | End hole at #.57 m |
8 5 -
i - R
L i i
EEN :
i |
- 1 7
| s
— —
1 8 ]
L Tl i b
i
—
a4 8 a
j Il i 1 I




' o [PROJECT WEEPAWA KOG PROCESSING FACILITY s
CLIENT  MANITOBA WATER SERVICES BOARD N aoRInG
m Linia Enginearing Lid. -I_‘;-E-Mn_ T 0326-049-01-07 i 1
[ — R = No
1018 [hefale Py, Uhnnipeg, Mandobs Cesadamar ol . _—
DRILLING DATE  PEBRUARY 26, 1986 o 16
DRILLED BY PADDDCE DRILLING LTD. -
B ol w 'S . NE = E
ft—t———t—t—tt—t——1 = | 0| suncace ELEVATION _64.51 8 g E; o 9% misc tesvs| £
- s | i o= P
E|o . TE =d A -
MOISTURE CONTENT—O | = | & L%Eugnnsl;'-?ﬁi gLAH S ‘E’E EEE x
- ! ol g > B L Ew REMARKS i
LIQUID LUAIT N o | % |20 B
PLASTIC LIMIT— o SOIL DESGRIPTION - B P
] ﬁ TOP S01IL |
i —L - ] ] = eflty [
o 5 == gy O o - bLlack
el A S gt - organic _ii
EEN ML R A TN -
= —I T A = pclean
:I e i e = [ line — medlam
- — w3 - light brown
' "
+- & ¥ - dry i _
_l.__ Rt e ———r—-|-~—: 2 "?': - medium dense
—i = et - sub-angular
-} - g 5 = unllorm
. 3 [ 3
5
-1 = 1S . y
1 T
Il
| VS T - wet at A7 m
= . 41 3
| p
_’Ih : — : _ B 3E | ] ==
T il = nd hole at A.57 m.
— 1 -1 3 ]
- - |
= S
L1 N L
=S ] 1 1 - ]
— P o | — - J
i &b _
|
= — ~l 7
|
|
=8 L 8 i
p— 9 |
l —




B PROJECT NEEi’AWA HOG PROCESSING FACILITY TeoT
CLIENT _ MANITOBA WATER SERVICES BOARD
U UMA Engineering Lid. [ Jop Mo, 0326-049-01-07 BORING
k:....'-"'J-E E | Ergiroom & Pz N o
1472 Petiato Place, Winaineg, teniloba, Coinedn RAT 17 | : 17
DRILLING DATE FEBRUARY 26, 1986
DRILLEDG BY PALODOCK DRILLING LTD. _
o [ =T . B o w & =
it —i——— 8 I % syprace gLevaTion 64731 g (=2 3d 2
- R — z 8z = #15C. TESTS .
Elo . g o " & E
MOISTURE CONTERT Oy -tg C%&J‘Dﬁ'ﬁ[gl AN Eje2 ek, & T
LioUID LIMIT - 3 E i -— - % p-): ; I&J if [i_;g REMARICS E
PLASTIC LIMIT FaY 15.! g SOIL DESCRIFTION 04’) > 8 t= (.(BEE% 1o
1] i‘ S%Z TOP_SOIL
— L - siluy
— = o N ~ black
7 2 I T ~ organic
- 1o —
Ml - Dy SAND
R . e - clean
j i o - iine
] [ | Lo - light mown 1E
w N 2 {0 - dry _
o | _ - — medium dense
] ] -~ sub-angular
i ] | [:,'-»'-: - uniform
—] = I
B N 13 %
o R |
i = = | s L
__![_‘_ . | iL* ] - q.\ 4 ~ wer at 4.2 m —
! | _."‘-' ':. 3E ]
lr -'—_'.I P — —
- End hole at «.57 m.
i i -
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CLAY _INER BORROW INVESTIGATION
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APPENDIX C
CLAY LINER BORROW INVESTIGATION

INTRODUCTIGH

With the decision to use a clay liner for seepage conirol, an
investigation was undertaken to confirm the quantity and quality
of potential bhorrow sources. Available soils and geologic reports
were veviewoed to define potential areas of suitable soils,
Highways officials and local contractors were contacted to
determine what sources of fine grained soils had previously been

utilized for roadway construction.
RECOMMAISSANCE EVALUATION

Based on tne information collected above, a site visiti was
completed to visually evaluate all possible horrow sources.
Drawing C-1 shows the sites visited during the reconnaissance.
Based on location and visual examination of suitability for the
ciay liner, four siites were selected For fab tesiing (Sites 1, Z,

7 and 8 on Drawing C-1).

Materials testing on these four sites consisted of establishing
gradation, plasticity index and moisture content. The results of
this testing ave summarized below. Gradation analysis sheets are

attached,

Percent By Wejght
site flay Silt Sand P.L. L.L. P.I. W Remarks,
1 34.0 36.5 29.5 21.2 40.6 19.4 22.6 sample from stockpile
2 44.0 36.9 19.1 21.2 42.4 21.2 31.7 pit wall sample
7 29.4 54.4 16.2 15.7 22.6 6.9 18.2 sample from stockpile
source location

unknown
8 39.7 48.6 11.7 16.9 40.6 23.7 25.8 sample from stockpile
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With these test results, and in consideration of the proximity to
ihe construction site, more detailed evaluation focused on aveas 1
and 2. A standard proctor density test and Tab permeabiiity test
were completed on material collected from area 2 and the resulis
are attached. It should be pointed out that a vacuum was applied
to the permeameter cell to induce a {Tow through the sample. It
is considered that the measured permeability of 5 x 16-10 m/s may
have been influenced by the vacuum applied to the sample and that
the trus permeahility of the material is lower. The testi is
curreintly being repeated with no zuction or %he sampis. At the

time of writing, no water has drained thirough the =zmple.

A ravised permzability cannot be ra-calculated at thiz time,
hewever, the revised value is expected te be Tower than the
initial value of % x 10710 w/s. The Siundard Proctor value for

the material at site 2 was determinzd to be 106.7 pcf =ty 19%

moisture.

DETATLED INVESTTGATION

The site reconnaissance and initial Tah work ideviified ths
presenice of a suitable bovyow source for the iiner in the area of
site 2, To confirm sufiicient voiumes for iiner construction and
vo identiiy any variability iu the material with depth, a <=cond
field investigation was completed. Jrawing C £ shows the location

of “he two siies test pitted.

Materis's testing on the detailed sites consiciad of establishing
gradation analysis, plasticity incdex and moisture contents. The
results of this testing are summarized on the test hole Togs and

gradation analysis sheets attached.
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DISCUSSION

The detailed site investigation has identified a source of at
Teast 120,000 cubic metres for the clay liner. For the area
studied, this is based on an area of 500 m by 120 m with a minimum

3 metire depih.

From discussions with local contraciors, cleser sources may be
available but the contvractors held the Jocations in confidence.

Swelling is likely to occur when plastic compacted clays ave
inundated with water. The clays tested generally have a medium to
nigh swelling potential with activities that range from .48 to
.83. The average perceni swell was estimated using the following

eauation:
S =3.6 x 1075 (py2.44 (3.4 (C.1)
Where: S = percent sweli for lateraliy confined camples under a

7 lPa surcharge
A = activity
C = clay content {< .002 mm)

Effactive stresses due to the effective weight of the liner
waterial and seepage forces wiil generally averags about 7 kPe in

the upper nalf of the compacted clay Tiner under levels of about 1.5

metres. dsing equation C.1, the nercent swell for the clay was

estimated ac 2.4%.

The swelling potential was also calculated using the plasticity

index as follows:

$ =2.16 x 10-3 (P.1.)2.44 (C.2)



Where: §
P.T.

1

swelling potential
ptasticity index

Using equation C.2, the swelling potential of the clay was
calculated to be 4.4%.

The resultis indicate that swelling potential can be considered to
be medium, thus the problems associated with very high swelling
clay Tipers =hould not bHe encountured with the clay material

Lested.

Piping erosion of the liiier is a serious problem thait could Tead
to the failure of the liner and eventually ercsion of the dyke.

Piping occurs when prefereniial seepage along 7issures oy beside
pipes and struciures washes away 7Tines. These conditions can be

avoided as tTollows:

(a) providing sufficienti compacihion of matarials beside pipes

ahd sivuctures.
(b) employing seepage rutoffs when necessary.

(c) enztiving that all adjacent materials along seepage paths

gseet standard filter criteria

The first fwe condiiions can be provided during ihe design and

construction inspection of the lagoon dykes.

The following filter criteria were checited for the clay liner-sand

fill interface:
{a) Piping Criteria

The 15 percent size (D15} of the sand fill must not be more
than four or five times the B5 percent size (D85) of the



C.5

Tiner. The ratie of D15 of the sand fi11 to D85 of the clay
Tiner js called the piping ratio and is approximateiy G.3.
This ratio is Tow and is well below the piping ratio
criteria of less than 4 to 5. As an added factor of safety
against piping erosion, we would recommend that a geotextile
filter cloth be placed between the clay Tiner and sand fill

at all piping and structure locations.
{(b)  Permeability Criteria

The 15 percent size (D15) of the sand i1l must be at least
§ or 5 times the 15 percent size of the clay Tiner. This
requirement will generally ensure that filfer layevrs will be
several times more permeable than adjacent soils. The
permeanility raitio for the clay liner and sand fill is
greater than % indicating thal a sufficient permeability

contrast exists.

As mentioned previously, the constant head permeater test of
material from test site A is being re-run with no vacuum applied
to induce flow. Based on the gradation and index properties, it
is expected that the source itzsted will have a permeability of 1 x

1010 /s or Jess,

CONCLUSTOMNS

The borvow study has defermined that at least one source of
suitable material, in sufticient veiume {Sifte A), is available for
lining the Tagoon. Prior to the start of Tiner construction, the
source proposad by the Contractor should be tested fer gradation,
Atterberg Limits, moisture content, Proctor density and lab

permeability to approve its use on the project.
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DYREGROV CONSULTANTS O e et

Consulting Geotechnical Engineers TEL (204) 6327252

FAX ({204) 632-1442
dyregrov@mis net

June 11, 2008
File #283051

Pbarmer Engineering LLC
1998 West Judith Lane
Boise, Idaho 83705
U.S.A.

Attention: Mr. Dan Barbeau, P.E.
Dear Sir:
Re: Proposed Expansion
Springhill Farras

Industrial Wastewater Treatment Facility
Neepawa, Manitoba

We are forwarding 4 copies of our geotechnical report for the above-noted facility. If you
have any questions or comments regarding the report, I would be pleased to discuss thern with

you.
Yours truly,

DYREGROV CONSULTANTS

Per: M/C%P/JN

A.O. Dyregrov, P.Eng.

Encl.
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1.0 INTRODUCTION

Dyregrov Consultants have undertaken a geotechnical investigation for the proposed
Springhill Farms Industrial Wastewater Treatment Facility near Neepawa, Manitoba. The purpose
of the mvestigation was to determine the soil conditions necessary for the design of the foundations
of the various components of the project. This report contains all of our findings and includes
recommendations for the design and construction of geotechnically related facilities. The work
was undertaken at the instruction of Mr. Dan Barbeau, P.Eng. of Pharmer Engineering LLC on
behalf of the Town of Neepawa by electronic mail of May 23, 2008.

2.0 SITE DESCRIPTION

The site of the Springhill Farms Plant is approximately 4 kilometres (2.5 miles) east of
Neepawa, Manitoba on the north side of PTH 16. The location of the proposed Industrial
Wastewater Treatment Facility is northwest of the Plant as illustrated on the attached Pharmer
Engineering Drawing C1.0, Figure 1I. The site is a relatively flat grassed area bordered on the
east by a drainage swale. Mature trees are along the swale and a small bluff of trees is present
northwest of the location of the proposed facilities.

3.0 PROPOSED DEVELOPMENT

The components of the proposed development are indicated on Figure 2.
4.0 SITE AND LABORATORY INVESTIGATIONS

On May 26, 2008, five test holes were drilled at the locations shown on Figure 2. The test
drilling was undertaken by Paddock Drilling of Brandon, Manitoba using a track-mounted drill
which turned 127 mm (5.0 inch) diameter augers. The test holes were carried to depths of 6.10
metres (20 feet). Disturbed samples were obtained from the auger cuttings for sample

1



reclassification and moisture content determinations. Inaddition, Dynamic Cone Penetration Tests
were performed at various locations and depths. This test is performed by using a 51 mm (2 inch)
diameter steel cone, driven into the soil with a 63.5 kg (140 1b.) weight having a free fall of 760
mm (30 inches). The number of blows required to advance the cone a distance of 300 mm (12
inches) is recorded. This number provides an indication of the relative density of the soil which
can be related empirically to the soil bearing capacity.

The results of the field and laboratory tests are included on the test hole logs, Figures 3
to 7.

5.0 THE SOIL PROFILE

The soil profiles at the locations of the five test holes were the same, namely a very fine
uniformly grained sand deposit with little or no fines (silt and clay) in approximately the upper 2.0
metres (6.5 feet). The silt and clay fraction was less than 10 percent. The sand contained 40 to
60 percent silt and clay sizes below this depth. The grain size distributions of samples from
various depths in Test Hole WWTP-1 and WWTP-3 are attached as Figures 8 and 9 respectively.
The sand was wet to saturated at depths ranging from 1.8 to 2.4 metres (6.0 to 8.0 feet) which is
probably related to the groundwater levels in the area. There was no accumulation of water in
the test holes, except at Test Hole WWTP2 where 50 to 75 mm (2 to 3 inches) was recorded.
Caving conditions occurred in all of the test holes with the extraction of the augers. The caving
accumulations filled the borings to depths between 2.44 and 3.50 m (8.0 and 11.5 feet).

The dynamic cone penetration results above approximately the 2.0 metre (6.5 feet) depth

were between 4 and 10 blows per 300 mm (12 inches) which is suggestive that it is in a loose



state. Below this depth, the penetrations results in the silty sand were more than about 20 which
suggests that it is in a compact state.

The foregoing stratigraphic conditions are similar to that reported for other existing
facilities located in the area.

6.1  General

The facilities which are proposed to be provided for the development are illustrated on
Figure 2.

The pre-engineered buildings are anticipated to be supported on spread footings with slab-
on-grade floors. The facilities placed within these structures will be supported on the floors.

The large diameter external tanks will be supported on individual concrete surface
foundations which may have a concrete ring wall footing. These tanks have large diameters, up
to 28 metres (81 feet).

In the largest pre-engineered building, A, Figure 2, will be two, 9.0 metre (30 feet) long
concrete membrane tanks which will have water depths of about 3.0 metres (10 feet). They will
be supported directly on the concrete slab-on-grade.

In the other pre-engineered building, B, will be two DAF tanks and several 3.0 metre (10
foot) diameter plastic tanks. Water depths in these facilities will be in the order of 3.0 metres (10
feet). This building will contain a below grade sump which will have a footprint of approximately
2.5 metres (8.0 feet) by 4.5 metres (15 feet) and a depth of about 2.5 metres (8.0 feet).

6.2  Foundations

The preferred support for the various facilities is footings placed near the existing ground

surface. For small footings, such as expected to support the pre-engineered building, their major

3



impact would be on the loose very fine grained sand that is present to a depth of about 2.0 metres
(6.5 feet). For these small and shallow footings, the design bearing pressures should be limited
to 100 kPa (2000 psf). If the footings were based in the compact sand near the 2.0 metre (6.5
foot) depth, a design bearing pressure of 200 kPa could be used. Under the foregoing conditions,
settlements of the footings would be expected to be less than 25 mm (1.0 inch). Minimum width
of footings should not be less than 1.20 metres (4.0 feet).

It is recommended that a minimum of 300 mm (12 inches) of crushed granular base course
be placed beneath the footings to be located on the upper very fine sand. The crushed granular
base course should extend 300 mm (12 inches) outside of the footprint of the footings. It should
be compacted to at least a density of 98 percent of Standard Proctor Density at optimum water
content. The intent of the foregoing is to confine the very fine sand in its natural condition during
construction.

For the footings to be placed below the very fine sand at a depth of about 2 metres (6.5
feet), the use of the crushed granular base course 1s not required. The excavation of the finished
bearing surface at this depth should be undertaken manually to remove any disturbed and loose
materials.

It should be noted that the excavations for these deeper footings will require flat slopes due
to the loose and dry condition of the very fine sand. Slopes of 2 horizontal to 1 vertical or flatter
may be required to keep the cut slopes from ravelling.

The excavation for the below grade sump will extend to a depth of 4.5 metres (15 feet).
The foregoing slopes will be required and potential impacts of groundwater problems will have
to be reviewed. It is anticipated that the groundwater level could be controlled during construction

4



by dewatering wells. The alternative to excavation is closed shoring. The selection of
construction should be left to the contractor as well as the design of the shoring system.

The backfill of all excavations can be undertaken using excavated materials. These
materials should be compacted to 100 percent of Standard Proctor Maximum Dry Density at
optimum moisture content to minimize potential differential setttements between backfilled and
undisturbed areas.

The silty sand below the depth of about 2 metres (6.5 feet) is potentially frost susceptible.
Consideration of frost protection for the footings should be considered. This consideration can
be assessed during the preliminary design phase.

Where the slab-on-grade floor loadings are in excess of the recommended design bearing
pressures, individual footings may be used which would reduce the loads by increasing the size
of the bearing areas.

The foundations for the individual large diameter tanks may be sized on the basis of 100
kPa (2000 psf). This will require that some of the individual foundations will have to be increased
beyond the size of the tank diameter. Where a ring foundation is considered, it could be supported
at a depth of about 2.0 metres (6.5 feet) where bearing pressures of 200 kPa (4000 psf) could be
used.

Other types of foundations could include driven timber piles and dynamically cast-in-place
concrete piles, i.e., Compacto or Franki. The viability and load carrying capacities for each of

these piles should be assessed during the preliminary design phase.



6.3  Floor Slabs

The use of slabs-on-grade are acceptable for the development. It is recommended that the
subgrade preparation should include the removal of all organic surficial materials and compaction
of the subgrade to a uniform density of 95 percent of Standard Proctor Density at optimum
moisture content. It is also recommended that the subgrade be covered with at least 150 mm (6
inches) of crushed granular base course for protection of the compacted subgrade and for
improved trafficability in the work areas. Additional thicknesses required for site grading should
be with the same materials.

6.4 Below Grade Walls

Below grade walls, such as the sump pit, which are backfilled with the excavated sand
should be designed to resist lateral earth pressures that are derived on the basis of the following
conventional relationship which produces a triangular pressure distribution:

P=KyD
where P = lateral earth pressure at depth D (kPa) [psf]
K = lateral earth pressure coefficient (0.35)
y = soil and backfill unit weight (22.0 kN/m?3) [137 pcf]
D = depth from finished grade to point of pressure calculation (m) [ft.]

These pressures should be increased by the hydrostatic pressure induced by a groundwater

level assumed to be at a depth of 2.0 metres (6.5 feet).
6.5 Pavements
If pavements are to be provided, the pavement structure should consist of at least 75 mam

of asphaltic concrete on 380 mm of crushed granular base course. If the asphaltic concrete is not

provided, the crushed granular base course should be increased to 490 mm. For parking areas,



the pavement structure should consist of SO mm of asphaltic concrete on 200 mm of crushed
granular base course or 275 mrn of crushed granular base course.

These pavement structures should be placed on a prepared subgrade as previously
described in Section 6.3.
6.6 Other

Concrete in contact with the soil should be manufactured with Normal Portland Cement
and should be of high quality.

Surface gradients should be away from the structure at gradients of 2 percent.

Respectfully submitted,

DYREGROV CONSULTANTS

Per:
A.O. Dyregrov, Pﬂ
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